Prevalence, Diagnosis, Treatment, and Precipitants of Asthma Prevalence ofAsthma in Children In the past 20 years significant increases in pediatric asthma have been noted in this country and worldwide. Asthma is the most common chronic disease of childhood in the developed world, affecting approximately 10 million children in the United States under 16 years of age (1) . Between 1982 and 1994 . Again, children accounted for a significant portion of this limited activity (2) .
The costs associated with health care use and disability attributed to asthma are high. Direct medical expenditures for all patients with asthma amounted to $3.64 billion in 1990, and indirect economic losses accounted for an additional $2.6 billion (2) . These indirect costs include such factors as days missed from work or school, caregiver expenditures, travel and waiting time, and premature mortality.
Asthma is.particularly troublesome in urban populations (1) and racial/ethnic minority populations (3) . In the United States, the asthma hospitalization and morbidity rates for nonwhites are more than twice those for whites. The activity limitation rate is higher in African Americans; about 30% of African Americans with asthma have restricted activity because of their disease. The causes of increased morbidity and the differential riJ for urban, racial/ethnic minority populations are not well understood (4) . It is hypothesized that increased rates are likely due to multiple factors such as high levels of exposure to environmental pollutants including tobacco smoke and environmental allergens, lack of access to medical care, and lack of financial resources and social support to manage the disease effectively on a long-term basis (2) .
There are also costs of asthma related to the social and psychological domains of childhood. Data suggest that children's school absences and school performance are affected by the disease (5, 6) , although greater absenteeism than the general population has not been demonstrated (7) . Some observers have noted that psychological adjustment (e.g., self-esteem) of children with asthma is inferior to children without the disease (5, 6) , but this opinion has received limited empirical study and is questioned (8) . There is little doubt that the condition often restricts recreation, play, and related forms of physical activity and its management can be a source of contention and disruption within families (9 (12) . Although asthma cannot be cured, it can be controlled by a combination of pharmacologic and nonpharmacologic means.
Accurate diagnosis of asthma is complex, and it is believed that the disease continues to be underdiagnosed and undertreated (13) (26) . In addition to being a major precipitant of attacks in children sensitive to the allergen, there is evidence that exposure to dust mite allergen, particularly in infants, may be an important factor in inducing the onset of asthma itself (18) . The degree of symptom response to dust mite in sensitive children correlates with the extent of exposure (21). The primary sources of dust mites are beds, carpets, stuffed animals, upholstered furniture, and other soft furnishings. The usual approaches recommended for control are encasing mattresses with a covering impermeable to mite allergen, washing bedding in very hot water (over 55°C) and removing offending materials. These approaches significantly reduce asthma exacerbations (27) . Studies of acaricide effectiveness in mite control have produced varying results (28, 29) , and the long-term success of using different media (benzyl benzoate, tannic acid) has been questioned. Dust mites are more prevalent in humid environments. Reducing mites by controlling indoor humidity is believed to be an effective means of control (10) and has been shown to have a positive effect on asthma symptoms (30) .
COCKROACH. Up to 60% of children with asthma test positive to cockroach allergen (31) . According to the NAEPP (10), cockroach allergen is the most common source of positive skin test reactions in inner-city populations. The expert panel guidelines recommend control through use of baits and traps to avoid irritating odors associated with chemical extermination, which itself may produce asthma symptoms. A factor complicating control is that cockroach allergen may be present when there is no visible sign of infestation (32) . To date, there are no conclusive data to link interventions to control cockroach antigens to improvements in asthma symptoms (27) .
ANIMAL DANDER. For some children, exposure to animal dander can cause symptoms of asthma. Dander can be found particularly in carpeting and upholstery exposed to the animal (33) . Studies (33, 34) have shown that animal allergens are transported on smaller particles than those that carry house dust mite allergen. This means that dander allergens are likely to remain suspended in the air for an extended time, whereas mite allergen stays in the air only a few minutes. Air filtration systems may help with removal of airborne particles such as animal dander and tobacco smoke. However, they are not believed to be effective for allergens associated with heavy particles that rapidly fall out of the air, such as dust mite and cockroach allergens (10) . Removal of the animal source has been associated with improvements in asthma symptoms but as a practical measure is often difficult to achieve (27) .
TOBACCO SMOKE. Exposure to tobacco smoke is accepted as an important contributor to asthma prevalence and worsens asthma severity in both children and adults (10) . It is associated with more frequent symptom exacerbations and increases in emergency department visits (35 Precipitants ofasthma symptoms in the outdoor environment. Studies illustrating a causal effect between outdoor air pollution and prevalence of asthma are scant and, in fact, the increase in the prevalence of the disease in developed countries over the last two decades has occurred at the same time as general improvements in outdoor air quality (21). On the other hand, studies have illustrated the deleterious effect of air pollution on patients who have active symptoms of disease. For example, decreased pulmonary function has been associated with exposure to particulates (36) , and increases in bronchial hyperresponsiveness with exposure to smoke, SO2, and NO2 (37) (38) (39) .
Increased ambient air pollution levels, particularly of respirable particulates (40) , ozone (41) , and SO2 (42) reportedly precipitate asthma symptoms. With respect to particulate effects, studies in the United States and Europe report an association between increased morbidity and mortality and ambient particulate matter (PM) concentrations at PM levels currently below the U.S. National Ambient Air Quality Standards (43, 44) . It is believed that fine fraction particulate matter (< 2.5 pm) (PM2.5) may be responsible for cardiopulmonary effects observed (45) . Exposure to PM and co-pollutants in the ambient environment also has been posed as an explanation for increased morbidity and mortality in urban centers (46) . Together, these studies suggest that air pollution is a complex mixture that likely produces effects that are important to the control of asthma. For example, in studies of the temporal relationship between air pollution and acute illness leading to mortality or hospital admissions, the relative risks associated with realistic increases in air pollution levels are small (47) . Nonetheless, the number of people affected in a large population studied over a long period of time can be significant, and some groups (e.g., the elderly and children with asthma) may be particularly vulnerable.
Making the picture more complex is the possibility that levels of some outdoor air pollutants may influence indoor concentrations of particulate pollutants (26) . One study (48) showed a significant association between indoor particulate matter and levels of outdoor particulates from traffic emissions. To add to the problem, the relative clinical importance of individual and combined elements of air quality to asthma has not been demonstrated. Such demonstration will not be easy, as research separating the impact of one form of pollutant from other forms in the air is difficult to conduct (49, 50) .
Sensitivity to fungus and mold is of concern in asthma. The outdoor fungus Alternaria has been identified as a risk factor for developing the disease in childhood (51) . Mold allergy seems to be more significant in children with asthma, depending on their geographic location (52) , and has been implicated in severe and life-threatening asthma exacerbations (53, 54) . Being sensitive to outdoor pollens carries less risk for asthma (55) , although grass and ragweed pollen exposure has been associated with the disease (56) .
Control in the case of outdoor precipitants is usually in the form of recommending that patients curtail exercising during days of high atmospheric pollution, as increased respiration will increase the amount of exposure. Remaining indoors may decrease exposure, depending on the type of pollution in the air and ventilation available in the building (21). Although eliminating a precipitant such as Alternaria at its source may be virtually impossible, for others (e.g., smoke, particulates), prevention through regulatory means may be possible.
Two points seem evident regarding environmental precipitants of asthma. First, additional research is needed to identify the independent and combined, direct and indirect effects of indoor and outdoor air quality factors on the disease. Second, the effectiveness of various environmental control interventions to reduce asthma prevalence and symptom exacerbations must be tested.
Precipitants in the social environment including psychosocialfactors. As with most diseases, it appears that stress can make asthma control more difficult. The extent to which it is a direct precipitant of wheezing and other asthma symptoms has not been noted. However, clinical recommendations and asthma self-management programs routinely counsel families to help children reduce their levels of stress both generally and during symptom exacerbations. Although little research has explored the idea, researchers have hypothesized that social environmental stresses of urban inner-city living, such as lack of supportive relationships, lack of community resources, violence, and economic worries are psychosocial risk factors for greater asthmarelated problems among children living in these communities (57) (58) (59) . Increased crime, noise pollution, and lack of safe transportation also have been suggested as aspects of the inner city that have a deleterious effect on day-to-day life. Such risk factors may operate directly on a child's health or, by increasing family stress, can indirectly affect efforts to manage the child's asthma (59, 60 Efforts to reach clinicians have been undertaken by professional associations and the NAEPP, but it is accepted that the recommendations in the "Guidelines for Diagnosis and Treatment of Asthma" (10) are not followed in an optimum way by health professionals (82) . Enhancing clinical practice is essential to control. Although there are very few rigorously evaluated programs for changing clinician behavior in asthma where outcomes for children have been assessed, two studies are worth noting. Both have been based on the idea that the clinician must not only understand effective therapeutic regimens for asthma but also must be able to communicate about the disease in such a way that patient selfmanagement, including efforts to control factors in the physical environment, is optimized. These studies have demonstrated positive results regarding improved clinician prescribing and counseling practices (35, 83) . One study (83) has shown reductions in health care use when patients see physicians trained to treat and communicate in the recommended way.
Influence ofthe Social and Physical Environment ofthe School
Literature over the years has shown a general lack of understanding of asthma treatment by school personnel and classmates of children with asthma (84) . How to treat emergencies and how to support selfmanagement of children with the disease are unresolved issues in many schools. In communities where there are no school physicians or nurses, providing adequate self-management support is almost always a concern. At least two studies (35, 85) have shown that providing asthma self-management education to children during school time can significantly reduce the child's symptoms, improve psychological adjustment, and enhance school performance. However, the independent effect of increasing the information and skills of principals, teachers, and classmates on the child's ability to manage asthma has not been evaluated.
Further, to date no rigorous study has been undertaken to assess the impact of modifications in the school's physical environment on the health of children with asthma. It is believed that the physical environment of the school may pose a threat to the health of these children. (64) Fireman et al. (65) Clark et al. (66) Lewis et al. (67) Hindi-Alexander and Cropp (68) McNabb et al. (69) Rubin et al. (70) LeBaron et al. (71) Wilson and Starr-Schneidkraut (72) Mesters et al. (73) Rakos et al. (74) Mitchell (88) .
An intervention that has not yet been explored is use of a community organizing approach to reduce psychosocial stressors at the neighborhood level. Given the previously mentioned hypothesized relationship between stressors in the urban inner-city environment and the increase in asthma in urban areas, a neighborhood intervention that targets more general psychosocial stressors such as crime, violence, noise pollution, and lack of community resources may help in asthma control.
Communty-Wde Control of Environmental Influences
Although patients sensitive to indoor environmental precipitants can do much to reduce some of these triggers to symptoms (e.g., dust mites, cockroach, dander, tobacco smoke), not all remedies are within their total control. Neighborhood or community-wide strategies may be required. Further, the quality of outdoor air is certainly beyond the control of an individual family. Some effective remedies for air pollution may be accomplished by legal or regulatory intervention. To effect macro-level control measures, a combination of community organization and policy change strategies will be needed. Most important, interventions designed to reach across communities and even nations must be based on sound scientific evidence. More research is needed to fill the wide gaps in our current knowledge of environmental influences.
The Role ofPublic and
Intiutional Policy
The final ring of the concentric circles shown in Figure 1 (90, 91) .
The work of MCECH is guided by a set of community-based research principles (91) that specify a participatory, collaborative approach to research. All parties are actively involved in the research process aimed at integrating knowledge and action for mutual benefit of all partners (92) . By using this partnership approach, MCECH's efforts are consistent with the call among health researchers for greater community involvement in research and interventions (60, 93, 94) in order to better identify and address the complex issues that compromise the health of people living in marginalized communities (95) (96) (97) . The overall goals of the three core MCECH research projects are to identify features of the underlying inflammation associated with asthma, to monitor the effects of air quality on asthma exacerbations, and to build the capacity of children and their families to reduce precipitants of symptoms. The studies (briefly described below) are organized to attend to the associations and relationships of influence depicted in Figure 1 To mount effective and comprehensive approaches to control and to identify means to prevent childhood asthma, significant additional environmentally focused community-based research will be needed of the types being undertaken by MCECH and other centers around the country. The concentric circles of association necessary for asthma control presented here (Figure 1 ), provide a useful framework for conducting this research.
